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John O'Connor holds a microscope in the basement laboratory of his Columbia home. A retired MU professor and 

former chairman of the Civil Engineering Department, O'Connor has been comparing bottled water to ground water 

since 1980. Currently he runs a water consultancy company, and many of his clients are municipal water providers. 
; Elizabeth Cardwell 


COLUMBIA — John O'Connor flicked on the lights in his cluttered basement, illuminating an array 
of expensive microscopes, chemicals and water testing equipment. 


“A lot of the equipment I have here is what you would see at a municipal water treatment plant 
laboratory,” O'Connor said. 


More Story | O'Connor, 80, runs his water quality consulting firm, H20'C 


-| Engineering, from his house on Tahoe Court, along with his son, 
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Related Media Tom. He formerly served as chairman of MU's Civil Engineering 
4 las? Department and chief of the Illinois State Water Survey. 


Starting in the 1980s, O'Connor began collecting and testing 
bottled water. He ended up compiling a huge collection, 
complete with water quality data from his tests. He estimated 


Retired MU professor John 


O'Connor has been collecting and 
studying bottled water since the University of California at Davis. 


that at its peak, the collection contained between 200 and 300 
bottles. Some of the collection is now on display at the 


early 1980s. O'Connor's extensive 

water bottle collection is currently on In 2008, bottled water surpassed soda as the most popular 
display at the University of 
California-Davis. 


drink in the U.S., according to an Associated Press story 
published March 11. The plastic used to make water bottles is a 


petroleum byproduct, and about 17 million barrels of oil per 
ear is required to meet demands for bottled water in the U.S., according to Earth Policy Institute. 


O'Connor started his water collection as a side project. Around 1980, Monsanto Corp. awarded 
O'Connor a grant to buy water testing equipment he could use it to measure total organic carbon in 
treated drinking water. 


The amount of organic carbon present in a water sample indicates how much broken-down 
material from dead plants, dead animals or feces has made its way into a water supply. 


“Water treatment processes are not very effective at removing this type of material,” O'Connor 
said. “To the extent that you can find a water source that has a minimal amount of total organic 
carbon, you're better off.” 


O'Connor could also estimate the number of bacterial cells present in a water sample by using a 
fluorescent dye to mark the cells, then counting them under a microscope. 


Bacterial cell count and total organic carbon became the bases O'Connor used to judge the quality 
of a water sample. 


“Although they weren't regulated, these were two critical parameters in judging how good a water 
really was,” he said. 


One of O'Connor's first studies using his new equipment was a test of more than 100 drinking 
water samples from across Missouri. In the mid-1980s, he began to turn his attention to bottled 
water. 


“We just had the equipment, and like kids with new toys, we were going to apply it to whatever we 
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could get our hands on,” he said. 


O'Connor wanted to see if the water in the bottle measured up to the label. “The claims were 
getting extravagant, that is, bottled waters were safer and purer than tap water,” he said. 
“Sometimes it was, and sometimes it wasn't.” 


Word began to get around that he was doing these tests, and soon friends and colleagues started 
bringing O'Connor and his students bottled water from around the world for them to test. 


His collection started to grow. He began making a slide show of bottled water from different 
decades and from around the world. As he fact-checked the claims on the bottles, he wasn't afraid 
to mock the companies' marketing ploys. 


In his slide show, he calls Perrier's green, bowling-pin-shaped bottle a “fashion accessory for 
yuppies.” 


A bottle of Canadian Essence Natural Spring Water displays a pristine lake on its label, complete 
with a duck and a snowy forest. In response, O'Connor jokingly offered this train of false logic: 
“Cold water tastes good! It's cold in Canada! Canadian water tastes good!” 


His tests showed the truth. “No lake here,” he wrote. “The data indicate a moderately hard 
groundwater.” 


He mentioned Mountain Valley Spring Water, bottled in Arkansas, as an example of quality 
bottled water. 


“It's very much like many of the Missouri well waters from the southern part of the state,” he said. 
“It's basically rain water infiltration, and it's stored in aquifers that are basically limestone.” 


Most bottled water is no better than the water you get from your tap, O'Connor said. His slide 
show spells it out: “Despite advertising illusions, most of the water sold in the U.S. is groundwater; 
25 percent is derived from municipal water sources.” 


No bottled water can compete with the water that comes out of an MU drinking fountain, 
O'Connor said. Some of the highest quality water O'Connor has ever tested lies more than 1,000 
feet below Columbia. 


“It is far superior to most potable waters,” he said. 


O'Connor said he used MU's drinking water as a reference because it has the lowest level of 
organic carbon and bacterial cell count of any water he's ever measured. 
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O'Connor posted the results of his bottled water project on his blog. A few years ago, it got the 
attention of Allen Doyle, sustainability manager for the University of California at Davis. 


“IT saw John’s slide show on the American Chemical Society's website and was tickled with its mix 
of irony and facts, and the breadth of issues,” Doyle said in an email. 


Doyle emailed O'Connor to thank him, and the two struck up a correspondence. When O'Connor 
mentioned that he might throw his collection away, Doyle offered to keep it for a while. 


O'Connor shipped Doyle most of his collection about two years ago, though three of the four boxes 
he shipped were smashed or lost on the way to California. The bottles that arrived intact sat in 
Doyle's office until he thought of a use: a display in one of the university's student centers. 


The three-month display went up in February. Titled “Water: Fact or Fashion,” it features 


O'Connor's collection, facts about bottled water's toll on the environment and a whiteboard where 
students can respond to a series of questions about water use. 


“We want to challenge each viewer to draw their own conclusions and boundaries — When would 
you use a disposable water bottle?” Doyle said. 
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The Social Cost of Burning Carbon 


An Editorial: A Decade of ‘No Growth’ in Energy 
and Water Use 
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Lead Contamination of the Flint, Michigan Water 
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Information - Updated to May 2016 

Little Rock, AR., Municipal Water Works - 1996 


Early History of Water Treatment 
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Growth in Household Plumbing Systems 
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Performance Evaluations 


Turbidity 
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Bottled Water Exhibit: University of California- 
Davis (Video) 
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Arsenic in Drinking Water 


Pit Happens: Copper Corrosion in Household 
Plumbing 


My Kitchen Tap versus My Refrigerator Dispenser 


A Brief History of Human Waste Disposal - Part 
6. The Future 


A Brief History of Human Waste Disposal-Part 5. 
Wastewater Treatment 


A History of Human Waste Disposal - Part 4. 
Sewage Treatment 


A Brief History of Human Waste Management - 
Part 3: Sewerage 


A Brief History of Human Waste Disposal - Part 
2: Toilets 


A Brief History of Human Waste Disposal-and its 
possible future. 


The Story of Bottled Water 


1. Dr. O’Connor’s collection and testing of bottled waters 
began at the University of Missouri-Columbia in 1980. 


2. The ‘Story’ was written in 2007 and posted to the 
H2O0’C Engineering website in 2008. 


http://www.h2oc.com/h2oc-library/libraryindex.html 


3. The slide show was posted to the American Chemical 
Society website, December, 2010 as Water and 
Wastewater Slide Shows. 
https://communities.acs.org/blogs/h2oc?start=15 


4. Vintage water bottles were gifted to the University of 
California-Davis, March, 2013. 
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U.S, Water Bottle Facts: 


LANDFILL 


5. Columbia (MO) community (KOPN) Radio Interview on 
Bottled Water, April, 2013. 
htto://www.h2oc.com/h2oc-library/libraryindex.html 


The on-going, whimsical slide show, The Story of Bottled 
Water, explores the phenomenal growth of the industry, 
the recent challenges to its environmental impacts, and 
some of the extremes reached in the creative marketing 


of packaged water. To this day, the story continues. 


My interest in bottled water developed in 1980 after | 
obtained 101 finished drinking waters from Missouri 
public water supplies and analyzed them for total organic 
carbon (using the then newly introduced low-level TOC 
analyzer) and total bacterial cell counts (using 
epfluorescence microscopy). | compared the results with 
waters then being sold in glass, often colored glass, 
bottles. Thereafter, traveling friends and associates 
began bringing me bottles of water from an increasing 
array of venues. Tracking the development and marketing 


of these products then became a hobby. 


Full disclosure. | drink tap water. 
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The modern history of bottled water 


has been dramatic for its creative marketing 
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1820 - Early Rationale for Bottling Water 


Drinking water has been stored in and, from earliest times, 
filtered through earthenware for Ouse 7000 years. 
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One of the first bottled waters sold In the United States was the 
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1845 - Good for What Ails You! 


The first drinking water to become widely available in the U.S. 
was Hiram Ricker’s spring water whickyas sold as a cure for 
kidney ailments. oe 
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Mid-Twentieth Century - the Birth of an Industry 


Water was generally bottled in glass which sometimes had a 


dark color to protect the contents against sunlight and limit 


the growth of algae. os 


—— 


| ALU ULTTOTrtess 
ne 


ve bottor ‘of the bottles. 


1960 - Colored Glass Bottles 


Good for 
—_ , 

CONTENTS: 64 FLO. = aid 

Dark colored glass ‘ . ens ' 

to protect against =") 


? 
= 


CaCO; precipitates 


sunlight, algae 


riavorea Canadian Water 


Made with Canadian Mineral War 


23 fL. o. (i pt. TOL.) 


; MINT BERRY 
ae oe 


ee 
= i A a ~ =: 


France Europe Yugoslavia 


» h- q > 
~ ' j s . . Z 
_ > S ~ 
- a . aie 
- | 
: "Ty 
4 ’ “\\ — a 
¥ ~ < 
- , . , | . . # 
TL) \ 


= — - ' 
\ a. 6hCUE " nh 
HEROLSTEINER | 
NATURALLY SPARKLI! G . i. 7; CHAPE } . 
Mineral Water = $5 EROPEAN SPARKLING HA 1500 ML 
15 —— (SF tb.0Z} 
5: 9 Va yay 2 So —e “ 
Natura! Sspning water from Oe te i Pay 2 & . ea. ~< ¥ 
Frenen ie rl Ua HSL ast 3 -s 
or Ar NATE f _ ._ 
) mee NATURAL 7 
BPUTER -33.8 FLOZ. (1,0T- 18° 


Still 
— 


an 
—_ 
‘ 


ireland 


. 7 : mood 
»— 
ae 
: “ 
» € 
° = 


; —— a “.. 
ee ‘ 
A & aa : 
ST ae 
. =. 


England 


_ ) EORIGINAL BRITISH SPA WATE) 


_ HARROGATE 
SPA 


STILL SPRING WATER 


ag ~ — 


wl —— ey 


= —— 
“CE 


a 


BL) +6 


ue DOtol . 


‘atural Spring Wei 
eee eee 


—_ 


PANNA 


‘ATURAL wsineRAL wall 


1968 - Bottled Water Goes Plastic 


Water is heavy and expensive to transport, particularly when 


enclosed in thick glass. However, theevelopment of clear 
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SATURAL MINERAL WATER 


1977 - The Miracle of Marketing: 
Perrier Ice Cubes for Eskimos 


Perrier entered the U.S. market with a distinctive green, 
pin-shaped bottle. Promoted in an imaginative nationwide 


marketing program, its sales reached "$20 million in its 
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1978 - The Bottle as Fashion Statement 


Bottled in France since 1826 for its medicinal properties, 
Evian surfaced in 0.5 litre PVC bottles in 1969. 


Thereafter, Evian launched a sculpt ottle for the 
Winter Olympic Games at Albertville. ema 
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Produit du Canada 


Cold water tastes good! It’s cold in Canada! 
Canadian water tastes good! 
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vinnesota Distiliead Water 
-- with tasty salts added back in! 
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how it tastes? To find that out, it’s 
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Proposed (2007) California Water Quality Notice: 
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1994 - Pepsi Water hits the Spot! 


Twelve full ounces, that's a lot! 
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The Coca-Cola Company 


2007 Water For People Golf Event 
Presented by RE/MAX International, Inc. 
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The Coce-Cole Company Virtual Vender 


Brand Name: BonAqua/BonAqa 
Drink Type: Water 


BonAqua/BonAqa: BonAqua provides the pure taste of crystal water. Known as BonAqa in some locations, 
this refreshing product is available carbonated or noncarbonated, depending on location. 


Available in the following flavors: Apple, Apple Mint, Cranberry Grapefruit, Guarana, Lemon, Lemon Lime, 
Lime, Lingonberry, Lychee, Orange, Pear, Raspberry, Strawberry, Tangerine and/Unflavored. 


Available in the following locations: Australia, Azerbaijan, Belarus, Belgium, Brazil, Cape Verde, Comoros, 
Czech Republic, Democratic Republic of Congo, Ecuador, Estonia, Finland, Germany, Ghana, Guinea-Bissau, 
Hong Kong, Hungary, Iceland, Italy, Japan, Kazakhstan, Kyrgyzstan, Latvia, Lesotho, Liberia, Lithuania, Macau 
(Macao), Macedonia, Mauritania, Mayotte, Moldova, Mongolia, Morocco, Namibia, Netherlands, Norway, Peru, 
Poland, Russia, Slovakia, South Africa, Spain, Sweden, Taiwan, Tunisia, Turkmenistan, Ukraine, Uruguay and 
Uzbekistan. 


‘Unflavored’ is a flavor? 


Yhe CHG Ha Company 


Brand Name: DASANI Flavors 


Drink Type: Water 


DASANI Flavors: DASANI Grape, DASANI| Lemon, DASANI Raspberry and DASANI Strawberry flavored water 
beverages are naturally flavored and lightly sweetened with sucralose and acesulfame potassium (Ace K) to 


provide a water alternative without calories or carbohydrates. 


Available in the following flavors: Grape, Lemon, Raspberry and Strawberry. 


Available in the following location: United States. 


For those who prefer their-water > 


‘lightly sweetened with sucralose | ee 


and acesulfame potassium’. 


In Missouri, the most popular bottled water-flayors are: 
Busch, Budweiser & Michelob. 
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Soon! - with Steroids! 


The Coce-Cole Company Virtual Vender 


Brand Name: DASANI Plus 

Drink Type: Water 

DASANI Plus: DASANI Plus vitamin-enhanced flavored water beverages have zero calories per serving and 
COpe im theo soe Lat ies: 


i( Refresh + Revive: Kiwi Strawberry Flavor has 10% of the reference daily intake (RDI) per serving of Vitamins 


Bx Uvaud Ula. 


24 Cleanse + RestoreJPomegranate Blackberry Flavor contains 10% of the RDI per serving of Vitamins E, B3, B6 
an@Otz, pilus | Grain of fiber. 


3NDefend + ProtectJOrange Tangerine Flavor provides 10% of the RDI per serving of Vitamin E and Zinc. 


Available in the following location: United States. 


Only in America! 


China Water 


Yhe Cb tha Compal 


The Coca-Cola Company Virtual Vender 


Brand Name: ice Dew 

Drink Type: Water 

ice Dew: Ice Dew is a bottled water available in China. —~ 
Available in the following flavor: Unflavored. 


Available in the following location: China. 


Reducing the.U_S. - China - 
flavor imbalance ... 
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Dasani was launched in the UK in January 2004 


It was referred to as bottled spunk and featured the tagline cant 
live without spunk. |In the UK, spunk is a euphemism for semen. 
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Dasani was pulled from the UK market in March 2004 


In March 2004, a news article revealed that the tap water 
of the Town of Sidcup in Kent was being treated, bottled 
and sold under the Dasani brand name in the UK. 


Two weeks later, UK authorities found ¢concentration of 
bromate in the product. Coca-Cola recalled half a million 
bottles and pulled the Dasani brand from the UK market. 
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lronically, thesbromate was rE of the 
tap waters bromidediOn_and-was-notiniti | 


the City’s tap water. 


Potables of the forme CGOCP 


Alkalinity 2100 my/| 
Sulfate 800 mg/I 
| Chloride 250 mg/| 
Calcium 700 mg/l 
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THE CHEDI 


PHUKET 


DRINKING WATER 
PROVIDED COMPLIMENTARY 
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Ujwrasans 90 ow DRINKING WATER 
PROVIDED COMPLIMENTARY 


PURIFIED BY REVERSE 
OSMOSIS ULTRAVIOLETED 
AND OZONATED 


PRODUCED BY : 
HUKET R.O. WATER SYSTEM CO.LTD 
Wié MOO &§ CHALUNU SUBDISTRICT 
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Vietnam 


Still under the 
influence of French 
food and water 
colonialists? 
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Coca Cola brings you Joy! 
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Enjoy 
Aqua-Fres 
The guaranteece taste of purity 


; RO. “3. Vv. + Ozonis 


Se ee 


— ie 
PACKAGED ORINKINGWATER 
1S 14 543 


, 


im if 

my, - « 

=—— ge _*., 4 wy 
Rec adel |~ eee” ia 


—_— wy 
’ 1 : 


= ———— 


: | = on » . | » Fy = | 
raawWta = DpaYWa Sisierl 


20% EXTRA FREE 
ONLY 


Rs. 12 


1.2L. AJ THE PRICE 


india - Free Bailley’s 


1.2 ¢ at 
the price 
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Do they put 1.2 liters into a 1 fiter-bottle? 
Compressed water? 
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CRUSH ATER USE 


Himalayan Groundwater 
Do not freeze! 
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milliequivalents per liter 


india - Oxyrich 


Three times healthier? 
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Proudly Indian 
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oe ryt HEALTAY DRINKING WATER 
Marketers apparently learned that application of ozonated HOC c 


oxygen to water results in increased oxygenseencentrations. oa a: 7 EE Ri oa ING 
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M.R.P. (incl. « of all taxes): RS. 
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Best for consumption within — 
Six months from date of packing 


“SP Process : Filteration, Reverse Osmosis, fe 
eal Micron Filteration & Ozonisation 


After filtration, reverse osmosis membrane Rostiierit ” 

ultraviolet sterilization, micron filtration.and ozonation, i <> Cc 

this product is deemed ‘best for six Sioa = = 
ENGINEERING 


' ¢ MANUFACTURED BY . 


‘ KAutwal Foods Pvt. Ltd. 
fare, Sai Nagar aaa n Taluka ‘Sfirur, Gist. Pune. 
r 


a 
, F&F 
¢ 


Ph..02137- 2231 


a 


heey (Pura PF: 020-43 69 3, 4572554. 
. 2 ns . aR 4 Uy Lite r 
ee le erect 4 iba 
pe am © BATCH MO. 
AATIML A 
| h : Y 
mabe uw r 
ca 
No refills! = 8 4 
Please Crush the Bottle after Use 


S.PELLEGRINO ~ 


"SAN PELLEGRINO TERME 
nen , Soltati 445 mg/l 


Acqua in 


_ 
via 
r 
r 
th 
a} 
| a 
A : ’ 
| e © Pagar sé ‘7 . 
“ — 
2 
te! 
»--@/ 
a w emer atime ® 


mabe @ | - or 


a? 
o 
> 

~ 
= 
+ 
> 
¥ «8 
_- 
- - 
a é 
- 
= 
-. 
~ 
»™ 
7 
’ 
s= 
7 
- 
- 
- > 
: 


C . Fhinerate 22.6°C _Fluoruri 0.5 mg/l 4 oe 


i 100 de Zi 


Mineral analyses included 
on packaged water labels 
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No bottled water provides a 
measure of organic content 


ACQUA PANNA — [& 


VECROBIOLOGCALAMENTE PURA 


Le de four 
France 


in 100% recyclable 
PET bottles 


No analyses? 
Hey, It’s just water. 
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Fuvres de la Collection Sandretto Re Rebaudengo 


29 artistes intemnationaux contemporains confrontes 
au theme de l'eau. 
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English Carbonated Spring Water 
appears to be a conventional ground water 


while the 


Fioriada true Spring Water Product 
contains no Fat 
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SPARKLING 
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VASA SPRING WATER IS.A TRI E SPRING Nutrition “veeet>erres 
WATER PRODUCT THAT IS _NATU vnAla CS) ‘ Facts Total Fat 
SODIUM-FREE BOTTLED BY CCDA WATERS, 
LLC. IN HIGH SPRINGS, FL 32643. Sodium 

. GINNIE SPRING, GILCHRIST CTY, - 
HIGH S INGS KCRONFILIERED AND 


tll (T 5 NYSHD Cert. 2498 Protein 
NV06868. FOR A REPORT WITH WATER - ~~ 2 _ 


Total Carb. 
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Calories 


Water Bottles: 


PET 
(polyethylene terepthalate), 
derived from crude oll, 
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U.S. PET Production - a plastic bubble? 


North America’s largest PET plant, 
430,000 metric tons annually 
projected to start-up in 2008 in Decatur, Alabama 


Mossi and Ghisolfi Group plan 
New 800,000 metric ton plant 
somewhere in U.S. 
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Chemical Opened a _, — —_ 


C ton peant 
n.Carolina in 007 


“City ban will-helo-stem global warming, save taxpayer money” 


Environmental impact@f&making-—hauting, di i 


Over a billion bottles end up: in California’s landfills each year 
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Berkeley, California 


stopped serving bottled water 
citing environmental impacts 


ac- Water BS Alarm 


has also gone off in: 
San Francisgco, __ Seattle ~ 


Dee Sate Los Angeles. ~ __ Minneapolis 
| << Salt om City New York-Gity 


Ann Arbor “Boston” | 
St. Louis Santa Barbara 
~~~ ==-San Leandro, . 
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City of St. Louis 


Starting this spring, City Hall willno longer 
buy bottled water for employees and plans 
to cancel the roughly $20,000 it has in 
contracts with area vendors. 


ee OEE treated Missouri River 
drinking water to PepsiCo's 5 
facility, which filters it again and sells it as" | 
Aquafina for $1 25 abottle. : 
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Comparison of the Environmental Impact of Tap Water vs. Bottled Mineral Water 


Swiss Researchers calculate Environmental Costs of Tap vs. Bottled Waters 
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& Cumulative primary energy consumption & Crude Oil Equivalent (COE) 
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Bottled unrefrigerated, wunrefrigerated, refrigerated, unrefrigerated, refrigerated, refrigerated, refngerated, 
mineral water non-carbonated avergae non-carbonated, carbonated  non-carbonated.non-carbonated, carbonated 

Maximum Minimum Minimum Maximum 
Fig. 4.2 Relative Comparison of the Environmental Impact of Bottled Mineral Water vs. Tap 


Water. The height of the bar indicates the environmental impact of the tap water 
variants as compared to the corresponding variant for bottled mineral water. 


Arguments re: Bottled Water 


Aficionado Cynic 

| can taste the difference! Ever tried a taste test? 

lam sensitive! Can you smell plastic? 

It is better for you than soda pop! & So is tap water! 
Lr 
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Bottled Water is a Luxury 


Pt ae 
Not 


=f ‘Bottled Water is Wasteful- rebut. 


‘The Money Spent Can Be Used Better Elsewhere 
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Skip the Bottle, Save a Life 
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Lighterfootstep.com 


lists five reasons not to drink bottled water 


- Bottled water isn't a good value 


- Itis no healthier than tap water  —_— 
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FiJl| Water comes from an aquifer deep 
within the earth on the remote islands 
of Fiji. Bott’-J at ci source, natural 


Shipment (8700 km) to U.S*Tesults in: — 
0.56.kilogram of emissions_. tis never 


Tala you ui “serew the Cab. 
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ASs 
water Fountains 
an Anachronism? 
In 2007, the University of 
Central Florida hosted a 
_nome game in their new $54 
“Tthillion football-stadium. 
Ignoring building codes, the 
_ Stadium had been constructed 


without water fountains. 


ee 


More.than sixty people were 
treated for heat exhaustion. 


IBWA Decries Bottled Water ‘Activism’ 


“During the past year, critics of bottled water have become 
more organized and active, instituting new methods and 
tactics to attack the industry.” 


Corporate Accountability International (CAI) 


“,..even acknowledges ... the support it ead from a number of 
faith-based organizations ...” 
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international Bottled Water Association 


Cites bottled water consumers’ fears: 


‘aging municipal distribution systems, 


‘health issues related to the use of chlodite / chloramine, 


‘> taste of ch lorine;-— 
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international Bottled Water Association 


IBWA Is now 


Pro-choice: 


bottled water is about beverage choice 
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cling must focus on all packaging. 


International Bottled Water Association 


IBWA Is: 


VY launching a comprehensive ad campaign to respond to the 
growing threat from activist groups 


/ members are urged to stay alert to critics, misinformation — 
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IBWA Turns ‘Green’ - 2008 


Nestle 


will use 30% lighter plastic bottles 

will use 30% smaller labels; Eco-Shaped bottles 
bottles will be 100% recyclable and more compactable 
is building plants that are green-building certified 

will use trucks that are well-maintaineg, more efficient 
is looking at hybrid forms of transportation 
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IBWA 


e joined the en 


will lobby govt. officials to get efficient ii 
took full-page ads: NY Times, SFC Chronicle 
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IBWA Turns ‘Green’ - 


IBWA favors beverage choice 


2008 


will promote recycling advocacy and education 


Bottled water ‘taxes’ (deposits) targeting the bottled water industry 
are ‘missing broad opportunities to put in place sustainable, long- 
term protective policies that do not discourage the choice of 
healthy bottled water.’ ta 


eee 


ive cont mare fo} dis spare rage ndermine consumei Lcenticence | in 


Recycle your PET? 


Coca-Cola reacts to critics 


will build world’s largest PET recycling plant, 
100 million Ibs/year, in Spartanburg, S.C. 


45,000 wey Coke claims markets in 
Goal metric tons 200 countries 
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PET bottles that get recycled In addition to the 
(and >/0% dont) are first energy initially used in 
pulverized and rinsed. the manufacture of the 
virgin PET, recycling 

adds the costs of 

«se material recovery and 
reprocessing.to the 
environmental burden 


Caps and labels are then 
separated from the mix. 


PET flakes are then heat- 


treated 10 FEAUCC r= created by boitling 
Contaminants. water. | 
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Plastics Recycling Rates Decline in U.S. 


“Plastics don't actually recycle. 


Instead, they are reprocessed into secondary (usually non- 
recyclable) products due to their structuraghemical sensitivily, 
the extremely low cost of virgin plastics, product desig 
and materials policy.” International Plastics Task Force 
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Despite curbside recyclinc 


Recycling is Significant Burden 
Shifted to Municipalities 


“The city's recycling program will be drastically scaled back 


starting today, as the Bloomberg admirk§fgation, in a money- 


saving move, halts the recycling of glass and plastics.” 


U. S. Conference of Mayors - 2008 


considers resolution on purchase of bottled water 


SUPPORTING MUNICIPAL WATER SYSTEMS 


WHEREAS, the United States' municipal water systems are among the 
finest in the world; and 


WHEREAS, high quality, safe drinking water is already available at most 
public dpbraolscabet and 
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meet ®y the FDA and mit : 
lore stringent requirements % for 


U. S. Conference of Mayors - 2008 


WHEREAS, local governments invest approximately $82 billion a year to 
provide water and sewer services; and 


WHEREAS, bottled water often costs more than an equivalent volume of 
gasoline, equivalent to 1,000 to 10,000 times more than tap water; and 


WHEREAS, up to 40% of bottled water on the rmagsket comes from 
municipal water systems and the bottled water industry generated - 
billion in revenues in 2006 from U.S. consumers; and 
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ottles are.one of the fastest growing sou 
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U. S. Conference of Mayors - 2008 


WHEREAS, in the U.S. the production of plastic bottles for bottled water 
currently requires the energy equivalent of more than 17 million barrels 
of oil per year — enough to generate fuel for over a million cars for a year 
— and generates more than 2.5 million tons of carbon dioxide; and 


WHEREAS, we applaud the US Conference of mayors for its National 
City Water Taste Test, which recognizes all of t reat work MURICIDS: 
water systems do for its residents on a daily basi§& year after year;-anc 
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U. S. Conference of Mayors - 2008 


NOW, THEREFORE, BE IT RESOLVED, that the US Conference of 
Mayors encourages cities to phase out, where feasible, government 
use of bottled water and promote the importance of municipal water. 


The Honorable R.T. Rybak 


Resolution 70 Submitted by: Mayor of Minneapolis 

The Honorable Gavin Newsom The Honorable David Cicilline 
Mayor of San Francisco Mayor of Providence 

The Honorable Michael Bloomberg The Lose Joseph A. Curtatone 
Mayor of New York City Mayor of Somerville 


The Honorable-TFhomas Menino | The Honorable David Cicilli 
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SPA in Baby Bottles 


March 6, 2009 - San Francisco Chronicle: 
.. SIX Major companies have agreed to stop selling hard-plastic baby 
bottles containing bisphenol A, an industrial chemical suspected of 
harming human development ... 


—_ 
.. some of theSsempanies have_been making 
bisphenol A-free alternatives, including old- 


fashioned glass baby | ——— 
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arTrdamage: brain.anc 
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| pl rostate Bafas and lead to~heart disease, 
| — obes Jesity and diabetes. * 


eGINNG TOUT FIGSiG BOWES, ¢ 


¢ Mineral water packaged in plastic contains roughly twice the amount 
of estrogen mimics compared with water sold in glass ... 


_ 
i 
¢ Estrogenic compounds have potential adverse health effects ... 


__e=ncreased activity in 12 of 20, most of whick_relied on PET bottles —-~ 
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Why is Tap Water Safer? 


Public Water Supplies subject to USEPA regulations: 83 MCL parameters 


Bottled water ( a Food Product) is regulated by the Food and Drug Admin. 
FDA sets Standards of Quality (SOQ) for food gioducts; weak for water. 
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Bottled Water Insanity Pandemic - 2008 


Better than milk for babies! 


Saphia Water - ‘designed’ by a nedmatologist in 
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herhood Maternity Stores. 


Saphia Water is the first enhanced 
water created specifically to respond to 
obstetricians’ universal prescription for 
pregnant women and breastfeeding 
mothers to drink the equivalent of at 
least eight, eight-ounce glasses of 
healthy water dally. 


At $45/case, that's $1,832 for 9 months 
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is all you need ...? 
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When your water sommelier brings you a 
Swarovski crystal-studded bottle, it will contain 
Bling h2o, the most expensive water in the world. 


Offered for an exclusive market ‘where water Is 
the new wine’, this $38 per bottle potable is 
reputedly Paris HiltoRts;choice for her Chihuahua. 


a 


Your on-line price for the limited edition 
> ‘Christmas’ Bling (750-ml in a crimson and-Peridot 


: NEE Se ; green bottle) is $40. —— 
WIRE Tx — 
nou Bliagtti20 is also-availablein 


convenient plastic bottles. 
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BLING NOW! 
' 5 te te thee 
$55 per bottle - girl not included \ 
Leone ion 


Pag 
«f.. 
; > 

J 


SS 


i i, 


I | Scag 


Water Babies 


Bring your Own Bottle? 


= cCliminate Sottie transport & Waste 


2 a The Boomerang Water Bottling Sy stem, 


if ever deployed fear you, promises to 
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- Nutritious Carbohydrates: Vitaminwater i? 
World of 


90 kilocalories per serving, 


2.5 servings per bottle (hydrate responsibly) 


formula 50 formula 50 


50% daily dose grape 


provides 50% of the many “oh thee oe Ape ie Hah water, exystai- 
née fructose, natural favor, c , SCorbic acad 
important vitamins yOU NEED — jamin, yatamin E acetate, fruit and vegetable 
avery day (b vilamins, c, 6 + uICe (Colne), magnesium tactate jatactrotyte), caicnm 
folic acid). lactate (electrotyte), niacin (63), monopotassiam 


mosphate (electrolyte), pantothvensc acid (B5) 


» sat ler Serving per Dottie | 
pyridoxine hydroct¥oride (BG), cyanocobalamin (B12) ——— ae ki. ——_——— | 
ah eeee' 2 wd : Vitamin © 20% 50% | 
Gas Vitarnin E 20% 50% | 

Vitamin B3 20% 50% 


vitamin BB 20% 50% 
Folic AG 20% 0% 
Vitamin B12 21% 50% 
Vitamin BS 20% 50% 
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Propel Fitness Water 


ll, Propel contains | 


in, Gatorade, which 


K bly Gatorade, 
out water 


FortiFide or PET SWEAT ? 


emic - 2011 
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from Kraft AD: frien’s.on Facebook 
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Ingredients (Mango Peach): 
Malic Acid, Propylene Glycol, Citric 
Acid, <2% - Natural Flavor, Sucralose, 
Acesulfame Potassium, Potassium 
Citrate, Polysorbate 60, Yellow 5, 
Yellow 6, Red 40, Potassium Sorbate. 
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Bottled Water Insanity Pandemic 


sensing a challenge, H,O’C Engineering is in the process of 


developing a highly advanced water product having the potential 
to sell for even more than all other competitors. 


Condensed in hydrostatically-fused borosilicate capillaries, 
H30°C bi-ionic electroneutretpolywater 


promises to be a powerdrink capable ol delivering steroids and 
male enhancement products in t 
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Pharmaceuticals 
in Water and Wastewater 
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Tom O’Connor, PE 


Emerging Health Concerns 


pharmaceuticals: N-nitrosodimethylamine (NDMA), 1,4-dioxane, bisphenol A, 
alkylphenol polyethoxy carboxylates (APECs), dioxin, disinfection by-products, ... 


= eee, Ss 
‘ol cosmetics, hormones, nanomaterials 
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ao @ndocrine disru ptors, a Class of compounds that perturb the normal functioning 


of endocrine systems including those that affect growth, reproduction and behavior. 
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Partial removal-requires.capital, energy-intensive processes: 
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(GAC adsorption; ozonation; mic a-, nano-filtr 
bioreactors; advanced oxidation (hydrogen peroxide - UV) 
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Pharmaceuticals in drinking water 
@ Walter tested positive for pharmaceuticals @ Water tested negative for pharmaceuticals 
© Water not tested for pharmaceuticals © Test results pending 


"In Virginka Geach, pharmaceuticals were found 


in Source water Dut not in treated Cnnking water NOTE, All places include some surrounding areas except Albuquerque, 
"* Drinking water in Austin, Texas, was tested for only NLM. Arington, Texas; Fresno, Calif. Long Beach, Cal? ; Los Angeles: 
one prescription drug, a symthete Outh control chemical Memphis, Tenn.; New Orleans; New York City; and Orlando, Fila. 


SOURCES: Drinking water providers responses to Associated Press questions; AP teview of scientific Iterature. 
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Great Headlines 
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== STUDY SHOWS DRUGS IN WATER 


Over-the-Counter Drugs 
in Drinking Water 


Caffeine was found at the highest 
concentration of all drugs tested 


by Philadelphia Water ( 
- — —_— on 
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If you drink eight glasses of water 
a day for more than 40,000 years, 
you'll get the amount of 
acetaminophen in a single infant 
dose (80mg) of Tylenol. 


There is currently no ingication 
that such extremely low 
concentrations pose any public 
health risk. 
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me 8 Recreational Drugs 
in Wastewater 


Oregon State University drug-tested influent at 40 esiewater plants: 


A "city with a gambling industry” used five times more methamphetamines 


— fairly affluent community” scored low for everything except cocaine — 
— Cocaine and ecstasy levels peaked " ; 


but the meth and prescription drugs were constant 
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Pharmaceuticals 


"Ask your doctor if is right for you"... 
take pills => pee ‘em out (& dispose extras) > 


toilet > wastewater plant => river => drinking 
water treatment plant intake => tap 


~ th Novartis 
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/ This stuff that we make persists_and | 
incorporated into the environment: 


Refrigerator ‘Filters’ 


LQ mean 
Dr. John T. O’Connor, PE 


Tom O’Connor,PE —=——— 
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Section 1 


My Kichen Tap versus my Refrigerator ‘Filter’ 


‘FILTERED’ WATER? 


1. This investigation was conducted in 2007 
and posted to the H,O’C Engineering 
website in 2008: http://www.h2oc.com/ 
h2oc-library/libraryindex.html 


2. The slide show was posted to the American 
Chemical Society website, January, 2011 
under Water and Wastewater Slide Shows: 


https://communities.acs.org/blogs/h2o0c? 
start=15 


Since refrigerators often come with houses and last for decades, it can be a major 
household event when a truly brand new unit arrives. When this finally occurred, 
the opportunity to compare the water issuing from our new filtered water dispenser 
with our local tap water was irresistible. 


What kind of ‘filter’ adds particles (e.g., microorganisms) to water? 


Although the microorganisms appeared more rapidly than expected, the presence 
of bacteria in the water dispensed by my new refrigerator was predictable. It is 
well-known that carbon, a reducing agent, readily consumes chlorine. It is this 
absence of chlorine that consumers cite as their perception that the water quality 
(taste) has improved. In the absence of a disinfectant residual, however, bacterial 
growth will occur. 


The only question was, “How quickly?” 
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Refrigerator Dispenser = ice and Water 


Bacteria in Tap Water 


Bacteria in Tap Water 
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_Dispensed from Refrigerator 
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Bacteria tn Water 


Bacteria in. Melted.lee 


Dispensed from Refrigerator 


Refrigerator Filters 
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M71 Tce Do not use with water that is 
microbiologically unsafe or of unknown quality without 
adequate disinfection before or after the system. 


08/01 145889 RevA 


FoP Feplacement filters visit your local SEARS® store o 
call 1-800-469-4663 or visit www.sears.com/partsdirec 
in the U.S. or www.sears.ca in Canada. 

Obfenez des filtres de rechange au magasin SEARS” le 
plup pres de chez vous en composant le 1-888-473-2772 
oufen visitant www.sears.com/partsdirect aux Etats-Unis 
etavww.sears.ca au Canada. 


Part # 9020 / N° de piéce 9020B 


ULTIMATE REFRIGERATOR FILTER 
Replacement cartridge #T1RFKB1 for Model #T1KB1 
Operating Temperature: 100°F (38°C) max 
Working Pressure: 120psi (827 k Pa) max 
Flow Rate: 0.5 gpm (1.89 Lpm) 
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PUR. 


REFRIGERATOR WATER FILTRATION 
FILTRATION D’'EAU POUR TEUR 


This is a mechanical and chemical reduction filter. Filter capacity 
is up to 100 gallons/373 liters for refrigerators with a PID indicator. 


FILTRATION ULTIMATE POUR REFRIGERATEUR 
Cartouche de rechange n° TIRFKB1 pour le modéle n° T1KB1 
Température de service : 100 °F (38 °C) max 
Pression de service : 120 psi (827 kPa) 
Débit: 0,5 gal/m (1,89 Lm) 
Ce filtre a une capacité de réduction mécanique et chimique. ! peut traiter 
jusqu’a 379 litres d’eau pour les réfrigérateurs munis d'un indicateur PID, 


Whirlpool, KitchenAid and PUR recommend 
changing filter at least every 6 months 
Whirlpool, KitchenAid et PUR recommandent 
de — le filtre au minimum tous les six mois 


prot agency 


‘against NSF NS| 
a tion of Lead. 
ercury Toxaphene, MIBE, 
i 0-Dichlorobenzene, 
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WPORTANT NOTICE - hoot a saad soenicbaieed 

Calfomia Department of Health Services Certification # 04-1605 for model TIKB1. For conditions of use, heath 
claims certified by the Calitornia Department ol Healt Services, and replacement parts, see Performance 
Data Sheet in your retrigerator Use & Care Manual 

Made in the U.S.A Distributed by Sears Roebuck & Co. Hoffman Estates. 60179. Kenmore® is a 
registered trademark cf Sears Brands, LLC. PUR is 2 registered trademark of The Procter & Gamble Company 


AVIS IMPORTANT - Lire la fiche technique de performance du fabricant 

Numéro de certification du Caldomia Department of Heath Services 04-1605 pour le modéle TIKB1. Pour 
Connaitre les conditions d'utilisation, les indoemations en mabere de santé certifiees par le Calitorma 
Department of Health Services et les pieces Ge rechange, consuller ls fiche technique O¢ pertoemance 
Gans le quide Cublisation et Centretien ou rétrigerateur 

Fabriqué aux Etats-Unis. Distribué par Sears Roebuca & Os., Mottman Estates 60179. Kenmore” est 
une manque déposee de Sears Brands, LLC PUR est une marque o&posée 0: The Proce & Gamoie Company. 


EPA EST. No. 070595-CT-001 us Patents pending - Ladela/Etiquette n> 2260536 
Est. EPA n° 070595-CT-001  Brevets américains en instance 95248869 


Replacement 
cartridge #T 1RFKB1 
for model #T1KB1 


Cartuche de rechange 
: fh ‘FKBI powle 
vee mm cen TIKB; 


Part# 2260538 
N° de piéce 2260538 


$44.98 (2007) 
54.98 (2011) 


not including shipping, 


handling and tax 
— 


onths 


replace evél 
$132+ per year 
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Definitions of Sustainability 


“Meeting the needs of the present 
without compromising the ability 


of future generations to meet 
theirown needs.” — 


Definitions of Sustainability 


“Improving the quality of human 

life while living within the carrying 
capacity of rains 
ecosystems. 


“Sustainable 
development is often 


thought to have three Social 


components: 
environment, society, Bearable 7 
and economy. The Ss ininall 


well-being of these 
three areas Is 
intertwined, not 
separate.” 


Environment 


- McKeown, R. (2002), 
The ESD Toolkit 2.0. 


Updated Diagram: 


Economy Is a 
subset of 
society, which 
is a subset-of 
Environment 


Environment 


AWWA Sustainability Policy 


“AWWA advocates sustainability of drinking 
water utilities through the provision of 
adequate and reliable water supply of desired 
quality -- now and for future generations -ina 
manner that age economic Seen 
enviror umental prote and s 


ea SL _ | = 
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U.S. ENVIRONMENTAL PROTECTION AGENCY 


Sustainable haba for bi & bina ented i share 
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EPA’s Four Pillars of Sustainable 
Water and Wastewater Infrastructure” 


1. Better Management of Water & peyote WalGr Utilities 


2. Rates that Reflect the Full Cost | Pricing of Services 
—37 Efficient Water Use Y —-~ 


4. Watershed Approé eahac 
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* not to be confused_with : 


implications of Sustainability 


Uitimately, by Definition: 
All Energy Must be Renewable 
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How can we get there from here? 
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Modern Water. Supply is an: Energy-iIntensive. Operation 


¢ direct-energy use (pumping) 


e indirect, embedded energy 
(concrete, chemicals, materials) . 


*ALSO: source water depletion 
or degradation 


What are the Most Sustainable 
Options for Materials Commonly 


Used in Water Systems? 


Pipe Fight! 


“HDPE pipe is the best product for “All municipalities want 
developing a truly sustainable sustainable, long-lasting and cost- 
infrastructure. From its low energy effective piping technologies. 

cost to produce, ship and install... Ductile iron pipelines offer such 
there is no other material that sustainable features. Its raw 


approaches the performance and material is scrap Iron... recycle 
versatility of HDPE pipe.” heat and process waters...” 
- HDPE pipe trade association guy - Iron pipe trade association guy 


“PVC pipe combines the ageless durability that comes with a 
corrosion-free material with the overall strength... PVC is arguably 
the most sustainable and cost-effective of all pipe materials.” 

- PVC pipe trade association guy 
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Embodied carbon comparison 


Embodied Weight of 4” pipe | Weight of 4” pipe 
carbon* (Ibs/If) (kg/If) f 


HDPE (DR-11) 
PVC Sch. 40 


*Data taken from “Inventory of Carbon and Energy (ICE)”, published by the Sustainable Energy Kesearch 
Team (SERT), University of Bath. 


Environmental Modelling Laboratory 


Estimate of energy consumption and CO2 emission 
associated with the production, use and final disposal 
of PVC, HDPE, PP, ductile iron and concrete pipes 


J 


Table 8.14. Energy consumption and CO2 emissions attributable to the 
production and use (50 years) of pipes made of different materials considering 
orocesses of deconstruction, recycling and final disposal of materials. Summary. 


Calculation base: 3 m of pipe Weight Hazen Energy Co; ‘oneray Variation CO2 
without accessories ai iinia S Williams consumptio | missions Consumption vs, (Ss!Ons VS- ref. 
(Recycled material % weight) PIP coeff. ref i d std. 
mmkgm'! ms" Zo Zo 
SUPPLY PIPFS 
Bioriented PVC 110. 1.1 1.4 --(]} -19.8] 
PVC 110. 2.7 l.o 150 O.00 
HDPE 125 3.8 1.4 140 0.48 
Ductile iron 
(80% recycled material) 125 21.6 0.9 100 (2) 30.05 
Ductile iron 125 21.6 0.9 100 (2) 52.10 


Departament de Projectes 
d'Enginyeria 


UNIVERSITAT POLITECNICA DE CATALUNYA 
Environmental Modelling Laboratory 
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e Water and wastewater industries use an 


estimated 75 billion kKWh/year. ag 
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¢ Drinking water and wastewater syste 
in the US spend about $4 billioniyeat 
on energy to pump, tream@ deliver, coll 
and clean water. 


e Energy costs for water ne . 
wastewater can be 1/3 of gam 
municipality's total energy COR 4a 


¢ Cost savings from even a modett = 
5-10% improvement can be substantial. 


Water Energy Usage 


eMajority of energy use: pumping 


e-Energy use affected by: water source, 
quality, treatment process, storage, 
elevations, distances, age/condition of 
——_ infrastructure = 
— ee 
eMajor processes: production, 
treatment, and distribution | 
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Unit Usage, 
kWh/month 


__Wellpumps | kWh | 64,228 
— WTP kK Wh 106,17 
SMGReservoir | kWh | 4,927 
—LindenTower [| kWh | 75) Ss 
_AntiochTower | kWh | 281 


Tons of CO, per 
month 


Lime 95 
_Carbon Dioxide | 0 
an 


Water System Energy Requirements 
Rule o’ Thumb 


1.4 - 1.9 kWh/1,000 gal 
1.4 - 1.9 MWh/MG 


Not very much, really. 


A typical US hot ce 
30 kWh of electricity per day. 


The ~300 gallons of water used daily bya 
typical household represents about 0.5 kWh. 
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Review of Renewable 
Energy Alternatives 


Missouri 


50 m Wind Power 
40° 
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¥ i The annual wind power estimates for this 
‘eyo Oper . map were produced by TrueWind 
: } Solutions using their Mesomap system 
and historical weather data. It has been 
validated with available surface data by 


NREL and wind energy meteorological 


~“-—--- == = 


consultants. 

Wind 

Power 36° 

Class mvs 

00-125 
= t a28.443 =! 
300 - 400 4-7. 14.3- 15.7 - —-=— 

* Wind speeds are based on a Weibull k value of 2.0 U.S. Department of Energy 
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Little Wind 


e Air X Wind Turbine 
¢ 400 watts \ 
¢ $600 


¢ demonstration unit 
¢ portable testing 
——* evaluate wind 
resources at differen 
locations, elevations 
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Vertical Axis Wind Turbine (VAgyi) 


e 2.5 kW, 5 kW 

¢ cut-in speed 8 mph 

¢ $4/watt 

e less efficient than HA, 
but may perform better 
at lower elevations.or 
in swirling wind 


¢ 1.65 MW 
$1.89 Million 
¢ $1.15/Watt 
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Financed by 
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CCeO 


ILLINOIS RURAL 
ELECTRIC COOPERATIV 
PIKE COUNTY WIND PROJECT 


Project consists of the construction and operation of a 
single 1.65 mega-watt wind turbine 


VESTAS AMERICAS, INC. 


UNITED STATES DEPARTMENT OF 
AGRICULTURE - RURAL DEVELOPMENT 
ILLINOIS DEPARTMENT OF COMMERCE AND 
ECONOMIC OPRPORTUNIT Y 

ILLINOIS CLEAN ENERGY COMMUNITY 
FOUNDATION 

UNITED STATES DEPARTMENT OF 
AGRICULTURE - RURAL UTILITIES SERVICE 


Lontracted by 


WEDERAL LAW PROHIBITS DISCRIMINATION BECAUSE OF RACE. COLOR. RELIGION 
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Pie-in-the-Sky Wind 


e Magenn 
e helium-tfilled 
e tethered at 1,000’ 


e ~ $5 per Watt 
—~e 100kW unit 


e available... 7 


Solar Power: Photovoltaics 
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Solar Power: Photovoltaics 


¢ < $5/Watt (and dropping) 


e One kW of PV capacity produces about5 kWh/day 
¢ Typical water system uses ~£5 kWh/T,000 gal 


«Need ~ 300 kW of PV to make 1MGD 


* $1.5 million (~1 acre)-of-solar panels 


e “Store” energy in the form of treated, elevated,water 


Future Photovoltaics 


SolarPly thinfilm: $1/Watt (allegedly) 


Concentrated Solar Power 


e more efficient than photovoltaic 


e less commercially-developed 
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Concentrated Solar Power 


1. Stirling engine/parabolic dish 
Q 


2. linear concentrator 


Concentrated Solar 


Concentrated Solar Power 
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Concentrated Solar Power 
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Energy Conservation 


Minimize Energy Usage 
Before - 


Incorporating Renewables. 
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focus on energy” 


The power is within you. 


Energy Audit 


1) Establish a Baseline Energy Use 
2) Estimate Energy Use for Major Systems 
3) Identify Best Practice Opportunities 


4) Quantify Benefits and Project Costs of Best 
_-—~ Practice Opportunities ~ 


5) Prioritize Projects=— 


6) Project Management [a= 


Thermal Imaging 


Water Supply Energy Best Practices 


1) Automate to Monitor and Control - 
2) Integrate System Demand and Power § i 
3) Distribution System Model 
4) Water Audit/Leak Detection ané-Rera 
Variable Frequency vrives 


Promote Water Conse Fration 
9) Sprinkling Reduction Program | 
10) Manage High Volume 
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Water Conservation-Household 
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Office of Water Use 
Efficiency and Transfers 


www.owue. water.ca.gov 


\ 
Water Efficient 
Ite Landscape Ordinance;- 


es. : f 
Landscape Graphic Courtesy of ale 4 ip “a _. , 
Sonoma County Water Agency, % a $ ¥ ee? 
A) Davidson Landscape Architect + —— 4. 


David Bunnett |) ustrator 


Conservation and Efficiency 


“Virtual” Water System Expansion: 
Reduce Demand rather than Increase Supply 


1) Take the money that you were planning to spend 
on capacity expansion and allocate it to 
conservation programs and incentives 

(aka Demand Side Management). 


2) Examine and update rates, policies, and 
ordinances regarding water use. 
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The sa One = 


Precipitation Precipitation 
9 000 km* 110 000 km*® 


Precipitation 
458 000 km*® 


Evapotranspiration 
65 km? 


Evaporation 
502 800 km*® 


Evaporation 
, 9 000 km* 
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Area of LL 
internal Groundwater flow 
runoff \ 2 200 km® y \ 
19 million km? — 


Vapour transport 


Elevated Stor 
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Precipitation Precipitation 
9 000 km* 110 000 km? 
Extensive 


istribution 
system __ 


Evapotranspiration 


km 
Evaporation 
Evaporation 502 800 km® 
44 90004 _ rr 
4 ee 142.600 km? 
42 m ( 
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internal 


Groundwater flow 
runoff \ rp y, . 
19 million km? — 


Moving Toward Sustainability 


¢ Triple Bottom Line: 
Economic, Environmental, Social 


¢Energy Audit (install VFDs) 


Sustainability 


for Water Systems 
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Tom O’Connor, PE ~ 
_____H20’C-Engineering  — 


tom@h2oc.com——_ ——— 
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Chapter 3 


Sewage 


A Brief History of Human Waste Disposal 
- and its possible future. 


Part 1. Cesspits & Outhouses 
Part 2. Toiletg& Water Carriage 
Part 3. Sewerage 

Part 4. Sewage Treatment 

Part 5. Wastewater Treatment 


Part 6. The Future: Wastewater Reclamation 
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~1850 


Sewers - Old English word for ‘Seaward’ 


Cesspit beneath floors; overflow to streets 
London (1810): 200,000 cesspits/ 1 million 


Windows sealed against ‘Night Air’, miasma 


a mix of co -sulfurous fog 
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Reclaimed ‘Night Soil’ used as crop fertilizer; 
small children harvested cesspit wastes — 
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Edwin Chadwick 1800-1850 


Report of the Poor Law Commissioners on an 


Inquiry into the Sanitary Condition of the Labouring 
Population of Great Britain, 1842 
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sewage Farming: 
1840 - 1890 
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Earth-Pit Privy 


Design Criteria: 


6 feet deep 
50 cubic ft. 
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with two families 
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Design Capacity, Per Person 


feces: 0.2 kg /day 
urine: 1 liter /day 
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U.S. Population 
becomes Urban 


1910: 92 million 
a 38% sewered 
89% untreated 


—_ 1968:197 million 
% sewered 
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How quickly we forget! 
2001: Enlightening 
The Trekker 
Dig a Hole 
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A Brief History of 


Human Waste Disposal 


Part 2. Toilets & Water Carriage 
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Plumbing 
circa 1900 


to eliminate: 
disease, fumes, explosions 


m 


id SA RP REFS | 
RIVAL REE rie : 


| 
ui 
* 
4‘ 
> 
- 
: 
* 
a 
) 
ad 
» 
: 
) 
i 


Grapper’s 


ter We Waste meventer 


Eng NEERING 


Explosions, Rats & 
Disease 


-——_— : > | 


cyG 


ee 
SE i  <— pe” — 
—_— ENGINEERING 


» 


—S — 


— af) 


earliest Indoor Pit uMmbDInG 


_ B, | ~ 4 on 6 om 
Unitea States 


White House: 1825 — the ‘Quincy’ 


Tremont House (Boston Hotel): 1880s 


Toilet Paper - U.S. 


1857 Joseph Gayetty - therapeutic paper with Aloe 


500 sheets for 50¢ 
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1890 Scott Paper Co. - tissue on a roll -1000 sheets 
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Sewer Socialists? 


“Municipal Socialism” 1900-today 


A Century of Sewer Construction in the U.S 
[disposal of wastes to seweragefound 


convenient’ 
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Sristol, England 


Hollowed-Out Wooden Water “Pipe - 500 years old 
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48” Cast-Iron Pipe - 1914 


Truck engine powered the winch __ 


Springfield, Missouri 


Sanitary Sewerage Timeline 


1894-1910: 41 miles - brick and clay sewers 


1911-1937: 96 miles oe 
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1976 - poly , 


2010: 4 176 miles + zsmiesyear — 59 —. 
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In the older parts of Kansas City, the same pipe 
that carried stormwater also carried sewage ina 
Combined Sewer System. 


Combined Sewer Systems were common until 
the 1970s agawastes were simply carried to 
streams. ‘“e=- 


Combined Sewers were constructed because 
sewage treatment was not anticipated. It was 
thought to be more economical to build.one pipe 
rather-than-two. 
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Costly choice, as it turns.out. Kansas City will 
spend $2.5 billion over 25 years to curb 
unauthorized overflows of untreated raw sewage. 
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| Separate Sewer System 


Combined Sewer System 


U.S. has ~600,000 miles of publicly-owned sewer pipe 


A Brief History of 
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Part 4. Sewage Treatrent — 
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Unsewered Systems 


On-Site Treatment and Disposal: 
Flow Range: 0.2 to 2 m3/ day 
o> 
— 
Septic Tanks (Settling; Fermentation): 
¢ 1to2day-retention; 2 meters deep_ 
* scum, sludge-removalevery 6 to T2months 
+ ysldge tolagogperearth-covered trenches > 


* or plowed into land after partial drying On»surface 


¢ soil adsorption systems for tank overflow 
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FIG. 51. A single-compartment septic tank. a 
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Gravel-filled Trenches 
Open-Joint Tiles 


Infiltration to Vadose Zone 
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Biological Slime Formation 


Mineral Precipitates, FeS 


Release of Gases, H;S,-CH, 


Dee 


Soil Acceptance: Rate: 
0.3 to 0:5 gpd/sf 
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sewage Disposal - 1930 


U.S. Sewage Disposal (Cities > 100,000 Population) 


“Dilution is the Solution to Pollution” 


Treatment Population % 
None, Dilution alone at 46.4 
Fine Screening, Dilution 8,900,0 23.3 ——— 


Sedimentation, Dilution 


as 


a 


— pope rP@=9ng . . . 
a = hag scte! (uaa gy eee | 
A ow~! bal APOC wees 
He FF & £ | < | we | | 
f | r | 
a | — 4 | | heal 
rdat i | a @ i | | 
~ 


Karl Imhoff 


1906: Taschenbuch der Stadtentwasserung 
Sewers:Open ditches with concrete slabs 
Two-Storied Settling and Digestion Tanks 


a 
1913-1934: 70 works constructed, Ruhr River 
allt batt. 


1929. :-Karl.mhoff.and-Gordon Fai (Hanvarc 
The Arithmetic of S@wage-Treatment Works 


Imhoff Tank patented in 1906;first operated in 1908 
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imhotfr fank Treatment Piant 
Population: 1000 40,000 gpd 
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50°%esuspended Solids Removal 
50% Reiucudnin Oxygen Demand 


PRIMARY SETTLING 
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Popular with Birds - “BOD flies away” 
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A Brief History of 
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Part 5. Wastewater Treatment 
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History of Chlorination in the U.S. 


Typhoid and Cholera Deaths Per 100,000 People 
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Typhoid Mortality 
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Why Disinfect Wastewaters? 
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Columbia Regional Wastewater Treatment Plant 
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Primary, Aeration, Secondary Basins 


Aeration Basin: 


Primary Basin: 50% removal of Promote Growth of 
BOD and suspended matter &Erobic Microrganisms 
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Sludge Treatment and Disposal 


Covered, Heated 
Anaerobic Digesters 


Digester Gas runs generator 
= and prowides heat 
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Tertiary Treatment 


Missouri River 


Department of Conservation Wetlands 


Well Fields 


Water Treatment Plait. 
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The Future of 


Human Waste Disposal 


Part 6. Wastewater Reclamation 


Water Use => Wastewater 


Population Growth x Water Use (130 gpcd, max. month) 


Urban Sprawl = sewer extensons, irrigation of suburbs 


Groundwater depletion; drought; consiweptive water use 
—— ee 


18% municipally-owned) =>.35 billion g/d 


U.S. Population Growth 


Population, millions Life Expectancy, years 


1933: 125 - 
2010: 310 = 78 
2025: 35/7 


J.S. Population-increase 4 3-mittion/year 
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(Anglican) Reverend Thomas Robert Malthus, 1766-1834 


"The power of population is indefinitely greater than 
the power in the earth to produce subsistence for man”. 
An Essay on the Principle of Population 


If Malthus is wrong, then 
will human population 
growth go on forever? 


World Population Growth 


World Population 


1800: 1 billion 
2011: 7 billion 
2050: 9 billion 
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| te Sources: United Nations Population Division and Population Reference Bureau, 1955. 
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% Daily Indoor Water Use Some households 


consume two to five 
times as much as the 
350 gpd average? 


= 
ge _drin MTG Would progressive 
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Managing Wastewater Costs 
2. Reduce Hydraulic Loadings 


Mandate efficiency of toilets, showers, faucets 
Advocate Gray Water use for lawn, gardens, toilets 
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U.S. Suburban Household Water Use 
Average Day: 350 gallons 


"Toilet flushing: 100 gallons —~ = 


Federal Water Efficiency Standards (1992) = wan 
Showerheads: 2.5 gallons per-minute— 


Faucets: 2.5 gallons ——— VC 


Managing Wastewater Costs 


2. Water Conservation Programs 


Offer Financial incentives to install water-efficient toilets 

Pass Municipal ordinances allowing watering only on certain days 
Ban ornamental fountains unless they run on re-circulated water 
Require homes to have low-flow shower headwend faucet aerators 


Recycle Gray Water 
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“If it’s yellow, 

let it mellow; 

if it’s brown, 
flush it down.” 


When freshwater gets scarce... utilize ‘toilet to tap’, a.k.a. 


Wastewater Reclamation & Reuse 


California State Department of Health 
permits use of reclaimed wastewater for: 


“ agricultural irrigation of over 20 food crops". 


“landscape parks, re ae golf courses, 


2creational impoundments, __ a 
domestic water ter supply areas 


Emerging Health Concerns 


w pharmaceuticals: N-nitrosodimethylamine (NDMA), 1,4-dioxane, 


bisphenol A, alkylphenol polyethoxy carboxylates (APECs), dioxin, disinfection 
by-products, ... 
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Pharmaceuticals in drinking water 
@ Water tested positive for pharmaceuticals @ Water tested muiei for egghead 
© Water not tested for pharmaceuticals ei sed ™e 


" In Virginia Beach, pharmaceuticals were found rar 

in source water Dut not in treated drinking water. NOTE: All places include some surrounding areas except: Albuquerque, 
*" Drinking water in Austin, Texas, was tested for only N.M.; Arlington, Texas; Fresno, Calif; Long Beach, Calif; Los Angeles; 
one prescription drug, a synthetic birth control chemical. Memphis, Tenn.; New Orleans; New York City; and Orlando, Fla, 


SOURCES: Dtinking water providers’ responses to Associated Press questions, AP review of scientific Itterature. 


Orange County, CA Water District 


‘Indirect Potable Water Reuse’ 
- Groundwater Replenishment System 
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‘Sewer Mining’ for ‘Brown Gold’ 


Viembrane Bioreactors Membrane Module 
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Requires Chemical Control of Membrane Fouling 


Sewer Mining? 
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Where is Reclamation Occurring? 
CA, FL, TX, AZ, NM, NE, CO, GA, WA, VA, NY, MA 


Orange County Water District San Antonio 

Central/West Basin El Paso 

Metropolitan Water District Tarrant Regional 

San Jose St. Petersburg 

Los Angeles Co Sanit District Pinellas County 

San Diego County King County (WA) 

Irvine Ranch Austin 

Dublin San Ramon Santa Ro 

East Bay Municipal Utility District UOSA (VA) 

Orlando Southwestern Nevada Water Authority/ 
Scottsdale —— Las Vegas Valley Water District 


10enIx : — 
ae Foxboro, MA- “~~ 


mee eae 


if 7 
ai 


| =— => orc 


Ae 


EE 
0.25 mgd used for toilet flushing — 


The Future of 
Waste Management ? 


energy, chemicals, and materials costs => rate increases 


reduction of federal subsidies, grants = fate increases 
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uctions 


consolidation of W & WW systems = staff red 
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Wastewater 
Reclamation, 


Recovery and ROUSe 


Toilet to Tap? Finding Where the Water Is! 
There are no more orange groves in Orange County, California. 
Instead, population grows and water Is iaincreasingly short 


supply. However, there is an ever-increasing flow of wastewater 
(a.k.a., sewage, 
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‘Indirect Potable Water Reuse’ 
70 mgd - Groundwater Replenishment System 
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When freshwater gets scarce... utilize ‘toilet to tap’, a.k.a. 


Wastewater Reclamation & Reuse 


California State Department of Health 


permits use of reclaimed wastewater for: 
“agricultural irrigation of over 20 food crops*, 
landscape parks, playgrounds and golf courses, ————— 
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Pistachios, Cabbage, Plums, Cauliflower, Squa: 


Analysis, forecasts 
and inventory 
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‘Sewer Mining’ for ‘Brown Gold’ 


Membrane Bioreactors Membrane Module 
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VBR lank Sludge Holding 
ANOXIC ' 


Tank 


ore 


Requires Chemical Control of Membrane Fouling is 


Sewer Mining? 


SMalieSCale 


Membrane Bioreactors (MBR) 


Fine Screening (1 mm) required; disposal of untreated waste 

Fouling results in low membrane flux rates; large membrane surfaces 
Air Scour, MLSS recirculation: high energy consumption 

Large Equalization Tank Volume: to offset low peak flow tolerance 
Low Oxygen Transfer Efficiency due to high MLSS 

Membrane Replacement Frequency and Cost 


SIMPLIFIED MBR SCHEMATIC 
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Wastewater iA ML Recycle 


Air Scour 
Biower 


Bioreactor Aeration 


Blower 


Where is Reclamation Occurring? 
CA, FL, TX, AZ, NM, NE, CO, GA, WA, VA, NY, MA 


Orange County Water District 


Central/West Basin San Antonio 
Metropolitan Water District El Paso 
San Jose Tarrant Regional 
Los Angeles Co Sanit District St. Petersburg 
San Diego County Pinellas County 
Irvine Ranch King County (WA) 
Dublin San Ramon Austin — 
East Bay Municipal Utility District Santa Rosa 
Orlando UOSA (VA) 
Scottsdale Southwestern Nevada Water Authority/Las Vegas 
Phoenix —— Valley Water Cee 
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Arsenic in Drinking Water 


Dr. John T. O’Conttor, PE ———— 
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Arsenic in Drinking Water 


Part 1. Development of Drinking Water Regulations 
Part 2. Human Exposure and Health Effects 
Part 3. Occurrence of Arsenic iInU.S. Waters 
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Arsenic Species 


Arsenous Acid, H,AsO, aH + + AsO, 


Part 2: Human Exposure and Health Effects 


war senicosis 


Organ System 
Skin 


Liver 


Nervous System 


Cardiovascular System 
Hemopoietic System 
Respiratory System 


Endocrine System 


Problems (after Dhaka [Bangladesh] 
Medical College, 1998) 


Symmetric hyperkeratosis of palms and soles, 
melanosis or depigmentation, Bowenss disease, 
basal cell carcinoma and squamous cell carcinoma. 


Enlargement, jaundice, cirrhosis, non-cirrhotic 
portal hypertension 


Peripheral neuropathy, hearing loss 
Acrocyanosis and Raynauds Phenomenon 
Megalobastosis 

Lung cancer 


Diabetes mellitus and goiter 


Linkage of Arsenic to Cancer 


2001: 


The Johns Hopkins University researchers 
report the exposure of cell line<Zo low levels of 
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arsenic trioxide results in a decrease in the 
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Lung and Bladder Cancer Risk 


Table 1: Theoretical Maximum Likelihood Estimates 


of Excess Lifetime Risk of Lung Cancer and Bladder Cancer 
for U.S. Populations Exposed at Various Concentrations of Arsenic 
in Drinking Water (Incidence per 10,000 people) 


Bladder Cancer Lung Cancer 
Arsenic, pg/L Females Males Females Males 
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CCA-Treated Lumber 


By 2004, USEPA will 
not allow chromated 
copper arsenate 
(CCA) products for 
specified residential 
(Consumer) uses. 


Arsenic MCL 


1942: USPHS - 50 pg/l arsenic - cardiovascular damage 


1975: USEPA begins reevaluating 50 Apri vicl 
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Arsenic MCL 


1999: NRC - 50 pg/l needs lowering “as quickly as possible” 


2000 (June): 
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2000 (Dec): 


2001 (Mar): 


USEPA proposes a revised MCL of 5 pg/; 


__requests comments on 3, 10 and 20 pg/I 
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Clinton Aggainistration approves TO To/FMCL 


USEPA Admin. Christine Whitman withdraws MCL 
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USEPA Proposes 5 ug/!I MCL 


2000: 


USEPA considers 3 to 20 pg/l and proposes 
5 ug/l MCL for arsenic = 
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USEPA MCL Set at 10 yg/I 


2001 (January) 
Clinton administration approves recommended 
10 pg/l arsenic MCL beginning March, 2001; 


- same standard used by European Union = ~~ 
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New Administration Opposes MCL 


2001 (February) 


Congressional opposition voices outrage over 
hastily drawn, “midnight” regulation. 
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Mining and wood- ‘preserving industries initiate 
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USEPA MCL Withdrawn 


2001 (March) 


New USEPA Administrator withdraws 10 pg/I 
arsenic standard citing concern over costs 
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In Search of “Sound Science” 


2001 (April) 
USEPA reorganizes National Drinking Water 


Advisory Committee; asks pan€[to conducta — 
cost-benefit analysis 
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From the Frying Pan... 


2001 (September) 
NAS-NRC releases updated arsenic risk report: 


risks of bladder and lung cancé«from arsenic in 
drinking water were previously underestimated 
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Back to Square 10 


2001 (October) 


= 
USEPA Administrator rescinds March decision; 
embraces 10 yg/I MCL > - 
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in Drinking Water 


Part 3: Occurrence of nS in U.S. Waters 


MW) Generally highest arsenic concentrations 

ae 

Mewall ° Generally lowest arsenic concentrations 
eae ___} Insufficient data 


Utilities Affected 


5,125 groundwater systems < 10,000 


75% already have treatment 


= 
180 groundwater systems > 10,000 
— 


Primarily western r 
New Mexico, Nevada, California, Utah, Eiatvey Oregon 


Midwest: —— = 
Nebraska, Illinois, indianar Michigan fait 
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Arsenic, pg/I 
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Array of Arsenic Concentrations in 87 Missouri Drinking Water Supplies (after NRDC - 2001) 
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1 21 4 
Missouri Drinking Water Supplies 


Arsenic, yg/| 
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Array of Arsenic Concentrations in 56 Central Illinois Well Water Samples (ISWS Contract Report 579 
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Central Illinois Well Water Samples 


Arsenic, pg/I 
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Array of Arsenic Concentrations in 347 Illinois Drinking Water Supplies (after NRDC - 2001) 
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Illinois Drinking Water Supplies 


Arsenic, pg/I 
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Array of Arsenic Concentrations in 886 California Drinking Water Supplies (after NRDC - 2001) 


jd 


101 201 301 401 501 601 701 801 


California Drinking Water Supplies 


Array of Arsenic Concentrations in 597 Kansas Drinking Water Supplies (after NRDC 2000) 
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Kansas Drinking Water Supplies 
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Array of Arsenic Concentrations in 155 New Hampshire Drinking Water Supplies (after NRDC - 20 
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New Hampshire Drinking Water Supplies 


Arsenic, pg/| 
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Array of Arsenic Concentrations in 155 Nevada Drinking Water Supplies (after NRDC - 2001) 
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Array of Arsenic Concentrations in 155 Nevada Drinking Water Supplies (after NRDC - 2001) 
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Nevada Drinking Water Supplies 


Array of Arsenic Concentrations in 503 New Mexico Drinking Water Supplies (after NRDC - 2001) 
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New Mexico Drinking Water Supplies 
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Part 4: Arsenic Removal Methods 


Arsenic Removal Technologies 
(as confounded by USEPA) 


Precipitative Processes 
Coagulation/Filtration, a.k.a. Membrane (Processes 
lron/Manganese Oxidation 


Microfiltration 
Coagulation- Assisted Microfiltration \yu4 titration 
Enhanced Coagulation 


Nanofiltreation 
ul Het softening Reverse Osmosis 
‘=téctrodialysis Reversal 


Technologies — 
Oxidation Filtration. 
_Sulfur-Modified Iron 
Granular Car ic 


~ fron Filings PG 
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Adsorptive Processes 
Activated Alumina 


Iron Oxide-Coated Sand 
lon Exchange 
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ENGINEERING 


USEPA-Designated 


Best Available Treatment Processes 


Conventional Treatment 
Aeration / Filtration Adsorption on Fe, Mn Oxides 
Coagulation/Filtration Adsorption on Aluminum Oxides 
Lime Softening Adsorption on Fe, Al; Mg-Oxides 
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Arsenic Removal by Coagulation and Filtration 
(Gulledge and O'Connor, J.AWWA, 1973; 65, 8, 548) 
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Removal of Fe, Mn from Groundwater: 
Aeration, KMn0O4, Greensand Filters 
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Monitoring Filter 
rerrormance 


Filter #1 Filter #2 Filter #3 
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Arsenic in Filter Backwash 


Comte: a Ia won . 
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POE / POU Treatment Devices 


Utilities would: 
own, operate and maintain the POE/POU devices; 


ensure compliance with the MCLs; 


seek revisions to a spamegelig be di i ear 
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USEPA Places Limitations 
on Small Communities 


Coagulation / filtration, lime softening, 
reverse osmosis and electrodialysis reversal 
are not designated as BAT for systems 
with fewer than 500 service connections. ~~ 


Proprietary Media for Arsenic 
‘Package plants’ with proprietary media: 


Filtronics “Electromedia”™ 
media backwashed and€ontinually reused 
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Arsenic Removal Costs 
USEPA estimated costs to meet 10 ug/I MCL 


Capital Cost: $900 million” 
Annual O&M: $118 million 
Annual Monitoring & Administrati@a: $2.7 million - 
feats pad MLCT Billincrease: — 
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Arsenic in Drinking Water 


New Arsenic MCL: 10 pg/I 
Compliance Date: January 23, 2006 


Potential Health Effects: Skin damage; diabetes; problems with 


See 
(O circulatory systems; possible increased risk of lung/bladder cancer 


Sources of Arsenic in Drinking Water: Mie, erosion of.natural — 
deposits; leaching of CCA-treated lumber; runoff from orchards; 
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Arsenic trom D 


Dr. John T. O'Connor, PE 
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industrial Waste Pretreatment 
Equalization, Neutralization, Metals Removal 
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A Case Study” 


American Bottoms Wastewater Treatment-Plant 


1 American Bottom Road vauge’ llinors 
—_ ube 
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Dr.John TFT. O'Connor, PE 


«Biological Treatment: 
°Primary Sedimentation 
“Activated Sludge with PAC 
°Nitrification 
°*Secondary Sedimentation 
°Disinfection 


Pliysical-Chemical Plan# a 

Ol, Grit Removal be ‘ 
*Equalization °° = i 
Neutralization, Metals Removal 
© Clarttemiax 

*Sludge Dewatermg & Disposal. 
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Stormwater Retention 
9 million galions 


American Bottoms Wastewater Treatment 


Oil Removal pH Neutralization and — 
Metals Precipitation Clarification 
American Bottoms 


Primary ars +o Secondary 


Waste Contributors 


Solutia (formerly Monsanto) 


Sulfuric, Hydrochloric, Phosphoric, Formic Acids 


— 
Ammonia, Aniline, Benzene, Xylene, Ethylene Glycol 


Methylethyl ketone, Methyieobuty! ketone, 


{ 
MonochieFebenzene,-C mdichtorabenzeno 
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Orthonitrophenol, Paranitrophenol 


Waste Contributors 


Cerro Copper Ethy! Corporation 


#2 Fuel Oil Gear Crankcase Oil 


Gasoline Trantrnission miele 
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Trichloroethylene Isobutylene yy 


Waste Contributors 


Big River_Zinc 


Arsenic, Cadmium, Calcium, Manganese, Sodium 
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Zinc-& Gopper Sulfaté-Sulfuric Acid 
#9 DigsetFust-Gasolne-PeB—— 
Potassium Permanganate, Soda Ash, 
Sodium Hydrosulide;-Strontium-Garbonate 


Physical Properties 


Temperature Density, Reaction Rates 

Floatables Grease: Oils, Fats, Wax 
— 

Turbidity Light Scattering Particles 
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Solids laorganic(sand),Organic-(fiber) 


Odor Sulfides, Ammonia, Volatile Organics 


Color True (dyes), Apparent (precipitates) 


Chemical Constituents 


Inorganic Compounds: 
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Metals: As, Ba, Cd, Cr, Pb, 
Hg; Se, Ag, Cu, Zn, 


Non-Metals: Bicarbonate (Alkalinity), 
=Chloride, Sulfate, Nitrate = = 
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Chemical Constituents 
Classes of Organic Compounds 
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Phenols, Benzene, Toluene 


Lee 


Pesticides. Herbicides. InSécticides 
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Poychlorinated Biphenyls (PCBs) ~ 


Polynuclear Aromatic>Hydrocarbons 


Municipal Wastewater 


Solids: 
Dissolved 900 mg/L 
Suspended 200 mall 
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Organic-Matter. ; 

BOD 5d, 20 °C 200 mg O/| 

COD 900 _mg O/| 
—160 mg C/l_— 


Toxic to Biological 
Waste Treatment 
BOD Carbonaceous Nitrogenous 


Copper | 0.005 
Nickel ) . 0.25 


ZINC : 0:08 
Cyanide . 


Arsenic 
Phenols 
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¢ Bar Racks 2” - Steel Bate . 
¢ Screens 0.5” SS Wire’Mesh 
* Comminutors 0.4” Slots =e 
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Chamber 


¢ Inclined Continuous Screw 
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Slurry Fed 
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Lime feed adjusted iomain ato Re 
8.3 in plant effluent — 


Coagulation, Flocculation, 
and Sedimentation 


¢ Coagulation and Rapid Mix 
Destabilization of Suspended Precipitates 


« Flocculation (Slow. Mix) 
Particle Collisiop-and C 


¢ Sedimentation _— 
Removal of Settleable-Solids 
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Coagulation = 
Rapid Mix 

Flocculation 

Settling 


Pires 
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NAVAL AAS 
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O.1 percent 
— (1,000 ppm) 
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1-3 mg/l 


an 1 Anionic Polymer 
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¢ Cationic (Positive) 
¢ Nonionic (Both) 


High Molecular Weight 


~ 1,000,000 amu 
Dosage = 1 mg/l 


Interparticle Bridging 
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Three Baffled Partitions 

Paddle Flocculators 

Tapered Energy Input 

Detention Time: 30 to 60 minutes 


a a 


Flocculator Flocculator 
Turned Off Operating 
i 


settling Test - 5 minutes 
C —— .. oe > 


Flocculator 


Flocculator 
Turned Off Operating 


eee eed OD ae a 
Settling Test - 15 minutes 


Flocculator Flocculator 
Turned Off Operating 


Settling Test - 20 minutes 


Flocculator Flocculator 
Turned Off Operating 


) Settling Test - 1 hours, 


Flocculator Flocculator 
Turned Off Operating 
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Surfacing of Oil 

Turbulence due to Sludge Raking 
Gas Formation in Sludge Blanket 
Wind Stirring on Open Basins 


Temperature-Induced Density Currents 


chanism 


Shain-Driven Flights 


Gontinuous Raking 
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IntermittentSelids Removal 


V-notch weirs 
to minimize effect 


of wind set-up and 
turbulence 


serpentine launders 


to ensure 
overflow rate 
< 20,000 gal/ft/day 


Settling Tank Detention 


Ideal Tank: 
3 mgd flow in 0.9 mg tank: 0.3 days retention 
Deviation from Ideal: ae? 
¢ Inlet, Outlet and Sludge Storage Zones 
-* Variations in Flow, Uneven Distribution 
¢ Temperature (Dens! sad Sf 


¢ Wind Stirring, Set Up, Seiches 
¢ Turbulence, Sludge BlanketUpsets _ 


Sludge Management 


¢ Sludge Conditioning with Lime 
QQ 
° Sludge Dewatering by Vacuum Filtration 


° Sludge Transport to Secure Landfill 


Aticdge Thickening 
mel 


1,300 Ibs. per day 
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1.4 % 
9.0. % 
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Caoillary Suction Tine: 


Land Application 39 % 

Landfill Burial ~ 35% 
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Composting, Other 12 Yo 


Sludge Heavy Metals 


Precipitated metals are recovered in sludges 
which are then unsuitable for disposal on land. 
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Dayton, OH 
Monterey, CA 
Cincinnati, OH 


Cu Cd 


ppm, dry weight 
—— 
ne 
3,400 720 ~-< 200 
9,000 —4,200— < 40 


Summary 


Industrial Waste Pretreatment includes: 
screening; Skimming of Grease and Oil; Grit Removal 
Equalization of Flow, Blending, Acid-Base Neutralization 
Precipitation of Toxic Metals with alkalis (e.g., Lime) 
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— 
Removal of Precipitated Metals requires: 
Addition-of-Goagulant, Rapid Mix to disperse-chemicals 
Flocculation (slow mix) to form seittleable floc; Sedimentation 


ee 
Disposal of Metal-Bearing Sludges requires: 
Sludge thickening for volume reduction, improved tilterability 
Transport of dewatered solids to secure landfill "I —~yp 


— 
al 


— A, 


Chapter 4 


fy re 
Nem rele 
hclyie" 


What you can’t (or shouldn’t) put into your 


Sanitary Sewer 


Everyone knows that we shouldn't dry kittens in the 
microwave, but how many are aware of the many 
prohibitions communities have enacted to protect our 
Sanitary sewerage systems and sewage treatment plant 
processes? 


44s 


What can’t (or shouldn't) we put in our toilets, sinks and 
household drains? Do most communities really prohibit 
us from emptying pool water or pumping out water from 
our flooded basements? Are there even ordinances 
against discharging ‘stinky stuff’? 


. ee. 
After consulting the local regulations, we may be left Ean 


wondering what we are permitted to put into our sanitary (eae, 


Sewers. 


Worse. In regions where treated wastewater is now 
destined to be an increasingly large part of our public 
water supply, prohibitions may get even more restrictive. 


Early Sewerage Systems 


India, Pakistan: 3300-13000 BCE 
China: City of Linzi 


Rome Cloaca Maxima (Greatest Sewer), 600 BCE 


presided over by the goddess, Cloacina. 


ieval Europe waterways functioned as sewers 
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Paris _ Brick-vaulted sewers, 1370 
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Restrictions on Discharges 


Filammabies 


Any liquid, solid, or gas 
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gasoline, kerosene, naphtha, benzene, to ep xylene, ethers, 
alcohols, ketones, aldéftydes; peroxides and methyl eth 


or injure the séwerage < 
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Restrictions on Discharges 


sand, mud, metal, glass, wood, paper, plastics, rags, rubber, latex, lime or other 
slurries, garbage, bones, hair, human parts, hides or fleshings, animal guts or 
tissues, feathers, ashes, cinders, stone or marble dust, straw, shavings, grass 
clippings, spent grains, spent hops, tar, asphalt residues. residues from refining 
or processing fuel or lubricating oil, grease, glass grinding or polishing wastes 


mm Capable of causing obstruction to the flow in sewers, ——= 


or interfering with the proper operation of rae wastewater system. — 
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Restrictions on Discharges 


Stinky Stuff 


Odor intensity 
Malodor substance 
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Tell lh A A 


Aammeania 
Methyl mercaptan 
Hydrogen sulfide 
Dimethyl sulfide 
Dimethyl disulfide 
Trimethylamine 
Acetaldehyde 
Styrene 

Propionic acid 
n-Butyric acid 
n-Valeric acid 
i-Valeric acid 
Toluene 

Aylene 

Ethyl acetate 
Methyl isobutyl ketone 
Isobuty! alcohol 
Propionaldehyde 
n-Butylaldehyde 
lsobutylaldehyde 
n-Varelaldehyde 
lsovaretaldehyde 
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Restrictions on Discharges 


Poisons & 
DANGER [bey — 


POISON 


Mercury, polychlorinated biphenyls (PCBs), phenanthrene or pesticides: 


dieldrin, chlordane, 1,1,1-Trichloro-2,2-bis(p-chlorophenyl)-ethane (4-4 DDT), 
demeton, endosulfan |, endosulfan II, endrin, guthion, heptachlor, malathion 
methoxychlor, mirex, parathion, acrolein, aldrin, T[DE, DDE 
paint: Bat 


= Hexachlorocyclohexane, lindane, benzene-cis-hexachloride and benzene- 


transhexachloride emanate 
am > Se ers | 
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Metals 
Antimony 
Arsenic 
Boron 

dmium 
Chromium 
Copper 
Lead 
Nickel 
Selenium 
Silver 
Zinc 


Restrictions on Discharges 
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Organics 

Cyanide Cy 

Chlorinated Naphthalenes; Fluoranthene 
Hexachlorobutadiene; Pentachlorophenol 
Phenolic Compounds,_2 -chlorophenol a 
2 ,4-dichlorophenol; 2 ,4- aimethyipnencs ~ 


2 =— 4. amo phene 
p- -chloro-r m-cresol; 2 ,4,6- trichioroe ened . ¥ . 
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Total Toxic Organics — 


Trichloroethylene260 — 
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Restrictions on Discharges 


F-0-G 


| WANT YOU 


TO RELP STOP FOG 


NO GREASE DOWN THE DRAIN 


Pa 
fats, oils, grease of vegetable or animal origin 


which may solidify or become viscous. 
7 cc —— 
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aurants Te COMO 


grease traps. 


Used Oil and Grease is 


scavenged for rendering into — “Py 
lard, tallow, soap, biodiesel. -_ 
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Restrictions on Discharges 


Pathogens 
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Restrictions on Discharges 


Water 


Swimming Pool Water 
storm Water 
Ground Water 
Dewatering Drainage 
—_ 
Subsurface Drainage== 
Tidewater 
Accumulated Surface Water 
Cooling Water. ——— 


Industrial Process Waters i S 
Foundation olor 


anhole Water. 
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Infiltration and Inflow (I & 1) 


Smoke Bomb Testing 
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Restrictions on Discharges 


Iimpairers of Treatment Capacity 


Acids, Plating Solutions (neutralized or not) 


Dyes (causing discoloration or turbidity) . 
Hot Liquids (temperatures >150° Fahrenheit) { 


Corrosive Liquids [pH < 95.5 (acidic) or_> 10.5 (alkaluicy; ~- 
~~ 


Radioactive Wastes (Hospitals & Reactor Labs) 
7 cS — 
— ——— 
Strong Wastes ———— eee 
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CAUTION Hazardous Waste — e 


(or wastewater which 
HAZARDOUS has com@trcontact  ——— 


WASTE with hazardous waste) —_ 
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Ever wonder 
where it goes? 


Down your drain isn't the end of the line. It's the ; 


a ah Sill stutrers 


Sustainability 


cies at ager! Restrictions on Discharges 
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Restrictions on Discharges 


Wit is Acceptable? 


riousehold Water Use 


Conservation 


% Daily Indoor Water Use 


Water Utilities 


urge consumers to fix leaks; 
—_ 
“#istall flow restrictors. on 
showers and faucets; 
“pUrchase low-flow toilets: 
flush less frequentlynapd 
buy water-efficientwashing machines 
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Troubled by Restrictions on Sewer Discharges ? 


It’s a very hard job. 

You know they won't hire 
Just any old slob. 

You don't have to wear 
A tie or a coat. 

You just have to know 
How to float. 


Think of it from my Point of View! 


| work down the manhole My father he worked 

With a guy named Bruce. In the sewer Uptown. 

And we are in charge | followed his footsteps 

Of all the refuse. And worked my way down. 
He lets me go first That’ s how | began 


While he holds the '- In this here industry. 
I'm telling you, shees | just sort-of-fell-into it. 
What a sweet kid. sheesh, lucky me. 


A funny iio 3 happerbe 

TO a erda' 

He — fAified away. 

He come out in Jersey. 

ButitsO-K.now 

Gause that’s where 

He ives anyhow. = = 
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